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(57) ABSTRACT

An 1ndustrial robot, having an end-effector supporting
mechanism for holding an end-effector and accommodating
an 1maging device of a visual sensor, which 1s free from the
interference with the periphery and capable of taking an
image of the working position. A container-shaped adaptor of
the end-etlector supporting mechanism is attached to a distal
end of a wrist flange provided 1n a robot wrist supported by a
robot arm. The adaptor has a first attachment section provided
with a first attachment surface to be attached to the wrist
flange, and a second attachment section provided with a sec-
ond attachment surface disposed generally parallel to a wrist
flange surface at a position apart from the first attachment
section by a predetermined distance along a rotary center axis
of the wrist flange. On the second attachment surface, a tool
holding member of the end-effector supporting mechanism
for holding the working tool 1s attached.

11 Claims, 8 Drawing Sheets
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1
INDUSTRIAL ROBOT

BACKGROUND ART

1. Technical Field

The preset invention relates to an industrial robot and, more
specifically, to an industrial robot provided with an 1imaging
device of a visual sensor for detecting a working tool and a
working position.

2. Description of the Related Art

In an industrial robot (heremafter referred to simply as a
robot), there are many cases wherein an 1maging device of a
visual sensor 1s mounted for detecting a working tool and a
working position (for example, a digital CCD camera). For
example, when a robot program 1s made on off-line, there 1s
usually an error between an actual operation path for this
program and a desired operation path, and for the purpose of
correcting the same, a method for mounting an 1maging
device of a visual sensor for detecting the working position in
the vicinity of the working tool and correcting a teaching,
point by using detected data obtained through the imaging

device (for example, see Japanese Unexamined Patent Pub-
lication No. 10-128538).

When the visual sensor 1s actually supported 1n the vicinity
ol the operative tool, however, it 1s liable to mterfere with a
workpiece or others because it has a considerable size 1n the
vertical and horizontal directions. Accordingly, 1t 1s difficult
to obtain the same operation path during the actual operation
(for example, welding), whereby there has been a limitation
in an applicable program. Also, a conventional sensor sup-
porting structure (a structure for supporting an imaging
device) may interfere with a part of a body of the robot on a
side of a torch cable for supporting a welding cable or assist
gas to an arc-welding torch.

In a more concrete prior art, an 1maging device and a
working tool holding member are attached by well-known
attachment means (not shown) using adhesive, screws or
others to a distal end of a wrist flange supported by a robot
arm. The working tool supported by the working tool holding
member 1s, for example, an arc welding torch (heremafter
merely referred to as a torch) used for corner welding or other
work. When the corner welding 1s carried out in a narrow and
complicated portion of a workpiece, part of the 1imaging
device (particularly, a distal end portion) may approach the
workpiece and interfere therewith. Further, interference
between the torch and the body of the robot may occur.

To avoid such interference, 1n the above-mentioned prior
art, a different structure of the working tool 1s used in the
production from that used in the teaching, or the imaging
device 1s removed 11 necessary. Such a countermeasure, how-
ever, 1s problematic 1n that the teaching cannot be corrected as
in the production. Alternatively, the working tool may be of a
detachable type to allow the working tool to be detached from
the distal end of the wrist and, 1nstead, the imaging device of
the visual sensor 1s mounted thereto so that the interference
with the peripheral equipment i1s temporarily eliminated. In
the latter case, there 1s another problem caused by the attach-
ment error ol the working tool or in that 1t 1s impossible during
the teachuing to correct the deviation of the welded position
due to the change of wire bending due to a posture ol the robot
(see FIG. 4 and the explanation thereof described later).

In this regard, relating to the embodiments of the present

invention described later, IEEE TRANSACTIONS ON
ROBOTICS AND AUTOMATION (Vol. 5, No. 3, June 1989)
“A New Technique for Fully Autonomous and Efficient 3D

Robotics Hand/Eye calibration™ 1s cited as a prior art.
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2
SUMMARY OF THE INVENTION

The present invention provides an industrial robot having a
simple structure capable of solving the above-mentioned
problems in the prior art, that 1s, 1t hardly interferes with the
periphery even 1f the working tool and the imaging device of
the visual sensor are mounted on the robot, and can take,
without any trouble, an 1mage of a portion to be processed by
the working tool.

According to the present invention, an industrial robot 1s
provided, comprising a robot arm provided with a rotatable
wrist flange, an end-efiector positioned at a predetermined
working position by the robot arm, an end-effector supporting
mechanism attached to the wrist flange 1n the robot arm, for
supporting the end-eflector, an imaging device for detecting
the end-effector and the working position, and holding means
for detachably holding the imaging device so that a center of
gravity of the imaging device 1s located at a position within
the end-effector supporting mechamsm.

The end-effector supporting mechanism comprises an
adaptor for accommodating the imaging device in the interior
thereol and an end-effector holding member attached to the
adaptor, for holding the end-effector, and the adaptor 1s pro-
vided with a first attachment section for attaching the adaptor
to a wrist flange surface of the wrist tlange and a second
attachment section having an attachment surface generally
parallel to the wrist flange surface at a position apart from the
first attachment section by a predetermined distance along a
rotary center axis of the wrist flange, wherein the 1maging
device 1s capable of being held so that a center of gravity of
the imaging device 1s positioned between the first attachment
section and the second attachment section.

Alternatively, the adaptor and the end-effector holding
member may be integral with each other, and the imaging
device 1s held so that a center of gravity of the imaging device
1s positioned within the interior of the adaptor.

The imaging device and the end-effector are attachable so
that part of the end-effector comes 1nto a visual field of the
imaging device.

The rotary center axis of the wrist flange and a center line
of the visual field of the imaging device can generally coin-
cide with each other.

The industrial robot may have a mechanism capable of
regenerating every time the same attachment position and
posture of the imaging device relative to the end-effector
supporting mechanism.

The wrist flange may be provided with a through-hole for
allowing a cable for the imaging device to pass therethrough.
Further, an imaging device side connector for supplying elec-
tric power to the imaging device and transmitting signals and
a wrist flange side connector electrically connectable to the
imaging device side connector may be disposed in the
through-hole.

Radio-communication means may be used instead of out-
putting signals from the imaging device through a lead.

The industrial robot may have a protective cover covering,
at least a front area of the imaging device.

One application wherein the present invention particularly
exhibits the usetulness 1s an arc welding robot. In this case,
the idustrial robot or the welding robot has an 1nspecting
section for mspecting the result of the welding operation by
an 1mage obtained from the imaging device.

.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages o the
present invention will be made more apparent, from the fol-
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lowing description of the preferred embodiments thereof,
with reference to the accompanying drawings, wherein:

FI1G. 1 illustrates a total structure of a robot system accord-
ing to one embodiment of the present invention;

FIG. 2 1s a side view of a structure for supporting an
imaging device according to the embodiment of the present
invention;

FIGS. 3a and 35 are a plan view and a side view, respec-
tively, of the sensor supporting structure shown 1n FIG. 2, for
explaining how to avoid the interference which may occur
between the working tool and the robot body, and 1llustrating,
three rotational postures about a rotary center axis of a wrist
flange;

FIG. 4 1llustrates the behavior of a welding wire relating to
the change of torch posture;

FIG. 5 1llustrates a structure for holding an imaging device
according to the embodiment of the present imnvention;

FIG. 6 illustrates a first modification of the embodiment
shown 1n FIG. 5, wherein a radio-communication means 1s
provided for the imaging device;

FI1G. 7 illustrates a second modification of the embodiment
shown 1 FIG. 5, wherein an electro-magnetic detaching
mechanism 1s employed for the attachment and the detach-
ment of the imaging device; and

FIG. 8 1llustrates a third modification of the embodiment
shown 1n FIG. §, wherein a screw type detaching mechanism
1s employed for the attachment and the detachment of the
imaging device.

DETAILED DESCRIPTION OF THE INVENTION

The present mnvention will be described below based on the
preferred embodiments with reference to FIGS. 110 8. FIG. 1
1llustrates a total structure of a robot system according to one
embodiment of the present invention. In this drawing, refer-
ence numeral 1 denotes arobot according to this embodiment.
Therobot 1 1s connected to arobot control device 2 via acable
3. To a distal end of an arm of the robot 1, one of various
end-effectors such as a working tool 10 and an 1imaging device
20 for the visual sensor are mounted. The working tool 10 1s,
for example, an arc welding torch (conveniently referred to as
a torch) for carrying out the corner welding on a workpiece 30
having, for example, elements 31 and 32.

The robot control device 2 may be of a conventional type,
including CPU, a memory, a teaching operation panel (not
shown), a display (not shown) and/or an interface with a
welding power source, a welding wire delivery device or
others. The robot control device 2 may have software neces-
sary for the manual operation of the robot 1 (Jog feed), the
operation for regenerating the operational program, the teach-
ing of the operational program by a playback system, the
correction of the operational program or other operations.

The 1maging device 20 1s, for example, a digital CCD
camera forming a visual sensor together with an 1mage pro-
cessing device and a monitor display (not shown) 1n a well-
known manner, and attached so that part of the working tool
10 comes 1nto a visual field (details of the attachment struc-
ture will be described later). A detection signal (an 1mage
signal) output from the imaging device 20 may be used when
the operational program 1s newly formed, when the working,
position 1s to be detected during the correction, or when the
welding condition 1s mspected during and/or after the weld-
ng.

The control of the imaging device 20 and the operation of
the 1mage processing device may be carried by the robot
control device 2 or by a separate personal computer. In this
regard, the correction of the operational program may be
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4

carried out by adopting a method for correcting the teaching
point at a higher accuracy while directly observing the work-
ing tool 10 and the working target position as described 1n
detail 1n the specification and the drawings of Japanese Patent
Application No. 2003-152845 incorporated herein by refer-
ence, because the imaging device 20 1s attached so that part of
the working tool 10 comes 1nto the visual field.

Leads forming the cable 3 (see FIG. 5 and the explanation
thereol given later) may be used for supplying electric power
and transmitting the control signal to the imaging device 20 as
well as for recerving; 1.e., mputting; the detection signal (1m-
age signal) obtained from the imaging device to the image
processing device. Alternatively, radio-communication
means may be used for the transmission/reception (or solely
the transmission 1n some cases) of the signal (see FIG. 6 and
the explanation thereot described later).

Then, a summary of the attachment structure for the work-
ing tool 10 and the imaging device 20 for the visual sensor
will be described together with 1tems relating thereto, with
reference to FIGS. 2 to 4. First, FIG. 2 1s a side view of a
sensor supporting structure employed in an embodiment of
the present invention for illustrating how to avoid the inter-
ference occurring between the imaging device and the work-
piece. With reference to this drawing, a wrist tlange 5 1s
provided at a distal end of a robot wrist 4 supported by a robot
arm 7. A wrist flange surface 6 1s formed at a distal end of the
wrist flange 5 on which 1s attached an end effector supporting
mechanism 11, more specifically, a container-shaped adaptor
40 of the end effector supporting mechamism 11.

The adaptor 40 has a first attachment section 41 on the side
near the wrist flange 5 (or the bottom of the container) pro-
vided with a generally flat first attachment surface 41a to be
attached to the wrist flange surface 6, and a second attachment
section 42 provided with a generally flat second attachment
surface 42a substantially parallel to the wrist flange surface at
a position apart from the first attachment section 41 by a
predetermined distance along a rotary center axis A-A of the
wrist tlange 5. The first attachment surface 41a 1s used for
attaching the adaptor 40 to the wrist flange 5, wherein suitable
well-known means (such as adhesive or screws) may be used
for coupling the both with each other. The coupling may be
either detachable or not.

The second attachment surface 42a 1s used for attaching the
end effector holding member or a tool holding member 14
provided 1n the end effector supporting mechanism 11
thereon, so that a torch 10 1s held. The second attachment
surface 42a may be coupled to the tool holding member 14 by
suitable well-known means (such as adhesive or screws). This
coupling may also be either detachable or not. Accordingly,
the tool holding member 14 1s not directly attached to the
wrist flange as 1n the prior art, but via the adaptor disposed
between the tool holding member 14 and the wrist flange 5.
Further, 1n one modification of the latter case, the tool holding
member 14 and the adaptor 40 may be formed as an 1ntegral
structure. In such a case, the second attachment section 42 and
the attachment surface 42a are eliminated.

As shown 1n FIG. 2, the attachment position/posture of the
torch 10 1s inclined relative to the rotary center axis A-A of the
wrist flange so that the posture of the torch 10 1s variable in
accordance with the rotation of the wrist flange about the
rotary center axis, and a distal end of the welding wire 12 1s
located generally on the rotary center axis of the wrist flange
during the welding. Accordingly, a center line of the visual
field (an optical axis of a lens) of the imaging device 20
preferably coincides with the rotary center axis A-A of the
wrist flange, as shown 1n the drawing, in order to bring the
working position into the visual field. In this regard, reference
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numeral 13 denotes a torch cable for supplying the welding
wire 12 and assist gas to the torch 10.

The imaging device 20 1s at least partially accommodated
in the interior of the container-shaped adaptor 40 so that a
center of gravity thereot 1s positioned between the first attach-
ment section 41 and the second attachment section 42. In this
regard, when the second attachment section 42 1s eliminated
to make the tool holding member 14 to be integral with the
adaptor 40, the above-mentioned result that the center of
gravity of the imaging device 20 1s positioned between the
first attachment section and the second attachment section 1s
obtainable by positioning the center of gravity of the imaging
device 20 at a position within the adaptor 40. Also, a support-
ing manner of the imaging device 20 and a detailed structure
relating to the adaptor 40 will be described later.

As described above, it 1s possible to solve the above-men-
tioned drawbacks (see FIG. 1 and the explanation thereof) by
offsetting the imaging device 20 against the tool holding
member 14 or the tool (in this case, the torch) 10 along the
rotary center axis A-A of the wrist flange 5. For example,
when corners of joint elements 31 and 32 are welded together
under the same condition as described above, it 1s possible to
casily provide a gap (see mark B) between a distal end of the
imaging device 20 and a top of the joint element 32.

As 1s apparent, as a suificient distance 1s easily obtained
between a working position at which the working tool oper-
ates and the imaging device for detecting the working posi-
tion by the above-mentioned structure, interference of the
workpiece with the imaging device hardly occurs, which has
often occurred 1n a case wherein the working tool must enter
a narrow space. In other words, no interference area exists 1n
the periphery of the working tool, especially 1n the vicinity of
the distal end thereof (which is close to or 1n contact with the
working position). According to such characteristic, the
teaching operation and the correcting operation of the opera-
tional program are facilitated.

Further, by the above-mentioned structure, the interference
between the welding torch and the robot body becomes less in
comparison with the conventional structure. This will be
explained with reference to FIGS. 3a and 3b. FIGS. 3a and 35
are a plan view and a side view, respectively, as seen from a
side of the robot wrist 4 and 1llustrate the positional relation-
ship of various members 1n three rotational postures about the
rotary center axis A-A of the wrist flange.

As 1llustrated, when the robot rotates about the rotary cen-
ter axis A-A of the wrist flange so as to change the posture of
the torch 10, the distance between a proximal end of the torch
10 (closer to the torch cable 13) and the robot arm 7 support-
ing the robot wrist 4 varies. Even if the torch located at a
position indicated by 10 rotates nearly equal to 180 degrees to
occupy a position indicated by 10a or 105, no collision (inter-
ference) occurs as there 1s a sulificient space between part of
the torch (especially on the proximal end side) and the robot
arm 7. Inthisregard, 14a and 13a denote positions of the torch
holding member 14 and the torch cable 13, respectively, when
the torch occupies the position indicated by 10a. Similarly,
1456 and 135 denote positions of the torch holding member 14
and the torch cable 13, respectively, when the torch occupies
the position indicated by 1054.

Next, the advantages will be described, below and with
reference to FIG. 4, obtained by causing at least part of
working tool 10 (usually a distal end thereot) to come into the
visual field of the imaging device 20 (note that the imaging,
device need not be detached because there 1s no risk of inter-
terence) when the working tool (torch) 10 1s in contact with or
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6

closer to the working position, for example, for the purpose of
correcting the operational program 1n application of arc weld-
ing such as this embodiment.

As shown in FI1G. 4, the welding wire 12 passes through the
interior of the torch 10 and the welding operation is carried
out by arc generated due to potential difference between the
welding wire 12 and the workpiece. Generally speaking, the
welding wire 12 1s low 1n rigidity and liable to permanently
curve. Accordingly, when the posture of the torch 10 varies 1n
accordance with the movement of the robot, the torch cable 13
oscillates, for example, as shown by 13e and 13/, while the
distal end of the welding wire 12 moves as shown by 12¢ and
12f.

If the distal end of the working tool 10 1s visible by the
imaging device 20 as in this embodiment, 1t 1s possible to
carry out the teaching operation or the correction of the pro-
gram while taking the positional deviation of the welding
wire 12 1nto account. That 1s, 1t 1s possible to carry out the
teaching operation of the correction of the program so that the
distal end of the welding wire coincides with a desired work-
ing point. Also, since an 1image of a portion to be welded 1s
visible by tracing the workpiece prior to carrying out the
welding operation, while the torch and the imaging device
actually used for the welding are mounted, 1t 1s possible to
confirm whether or not a welding joint 1s normal. Moreover,
it 1s possible to obtain an 1image while tracing the workpiece
after the welding and to easily inspect whether or not the
welded result 1s normal by using a suitable inspecting section
21 as shown 1n FIG. 2.

Next, a detail of an attachment structure for the 1imaging
device of the visual sensor and modifications thereof will be
explained sequentially with reference to FIGS. 5 to 8. First,
FIG. 5 1llustrates one embodiment of the attachment structure
for the 1imaging device (camera) for the visual sensor. As
shown 1n this drawing, the 1imaging device 20 1s accommo-
dated 1n the container-shaped adaptor 40. The imaging device
1s adapted to be reproducibly fixed to the adaptor 40, even 1f
it 1s detached therefrom, by holding means such as an abut-
ment screw 44. The abutment screw 44 1s adapted to pass
through a (threaded) hole of a member forming a lateral wall
ol the adaptor 40 and a heat-insulation member 45 attached to
an inner wall thereof and abut to the imaging device 20. By
rotating the abutment screw 44 opposite to the attachment
rotation, the imaging device 20 1s detachable. In this regard,
the heat-insulation member 45 may be used as a fitting mem-
ber between the adaptor 40 and the imaging device 20.

Positions and postures of the imaging device 20 are prei-
erably reproducible when it1s detached and then attached. For
this purpose, various well-known means may be used, such as
a magnet or a fitting pin. Connectors are provided 1n a rear
portion (on a side of the wrist tlange 5) of the imaging device
20, for supplying electric power and transmitting signals. The
connector on the imaging device side 1s indicated by 47, and
the connector on the wrist flange side 1s indicated by 48.

The 1imaging device side connector 47 1s disposed 1n a
lower half section 1n a through-hole 8 provided 1n the wrist
flange 5, and electrically connected to the wrist flange side
connector 48 by pushing the latter into the through-hole 8. If
the connector 48 1s withdrawn from the through-hole, the
clectric connection with the connector 47 1s released. A cable
(a distal branched portion of the cable 3 shown in FIG. 1) for
supplying electric power and transmitting signals 1s 1ncorpo-
rated 1n the robot arm, and a hollow portion 1s provided 1n the
robot wrist 4, through which the cable (formed of leads 46) 1s
connected to the wrist flange side connector 48.

By adopting such a wiring structure, 1t 1s possible to com-
plete the electric connection between the imaging device and
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the visual sensor controller without newly providing a cable
for the 1imaging device 20 1n the vicimity of the robot arm.

In other words, the cable 1s automatically connectable to
the 1maging device 20 by mounting the imaging device 20 to
the predetermined position. Further, it 1s also possible to
provide a heat-mnsulating protective cover (a window mem-
ber) 43 in front of the imaging device in a detachable manner
by using suitable detachment mechanism (for example, a
screw mechanism). According to this protective cover 43,
heat generated during the welding operation 1s prevented
from being directly transmitted to a front surface of the 1imag-
ing device 20. Thereby, even 11 the welding operation contin-
ues without actually detaching the imaging device 20, it 1s
possible to prevent the imaging device 20 from the failure or
the abnormality thereof without detaching the same from the
robot. Of course, the heat-insulation member 45 1nterposed
between the adaptor 40 and the imaging device 20 also con-
tributes to avoid the failure or the abnormality thereof due to
heat. Further, the protective cover 43 and the heat-insulation
member 45 have a function for mechanically protecting the
imaging device 20 even if there 1s interference, and the pro-
tective cover 43 1s effective for avoiding the direct adhesion of
tlies generated during the welding operation with a lens of the
imaging device.

The protective cover 43 may be made of either transparent
material or opaque matenial. In the latter case, there 1s no
problem even in the teaching operation 11 1t 1s detached. Also,
when the protective cover 43 1s made of transparent material,
a clearer 1mage 1s obtainable 1f 1t 1s detached the camera
during the teaching operation. In either case, as the 1maging
device 20 itself 1s not necessarily detached, the operation 1s
very convenient.

FIG. 6 illustrates a detail of a first modification of the
above-mentioned embodiment, wherein radio-communica-
tion means 1s mounted to the imaging device. In this modifi-
cation, a radio-communication transmitting section 31 and a
radio-commumnication receiving section 52 are provided so
that an imaging command from a visual sensor controller (not
shown) 1s received by the radio-communication receiving
section 52 and a detection signal (an 1mage signal) 1s trans-
mitted by the radio-communication transmitting section 51 to
the visual sensor controller (including an 1mage processing
section). In such a manner, when the radio-communication
means 1s provided, a cable for signals to be transmitted 1n a
radio-communication manner 1s unnecessary. Also, a power
supplying cable 1s unnecessary, provided a battery 1s used.
Since other structures and functions than those relating to the
signal transmission are the same as the embodiment shown 1n
FIG. 5, the description thereot will not be given.

I 1t 1s desired to further simplify the fixing of the imaging
device, a well-known process for preliminarily correcting the
position of the imaging device 1n the robot may be provided.
That 1s, 1n a case of a camera fixed to an optional position 1n
the viciity of a lower surface of the robot wrist flange, as
described in IEEE TRANSACTIONS ON ROBOTICS AND
AUTOMATION (Vol. 5, No. 3, June 1989) “A New Tech-
nique for Fully Autonomous and Efficient 3D Robotics Hand/
Eve Calibration™, a series of programmed movements are
sequentially carried out, and after the respective movement,
the input of 1image, the extraction of characteristic coordinate
and the external calibration of the camera are executed.
Thereby, the positioning mechanism 1s unnecessary for accu-
rately regenerating the attachment position/posture of the
imaging device to simplily the attachment of the imaging
device.

The attachment structure of the imaging device suitable for
such a case are illustrated 1n FIGS. 7 and 8 as second and third
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modifications. FIG. 7 shows the second modification in
which an electro-magnetic attachment/detachment mecha-
nism 1s adopted for detachably holding the imaging device.
As 1llustrated, the electro-magnetic attachment/detachment
mechanism 60 for fixing the imaging device 20 includes an
clectromagnet 61 provided in the vicinity of a distal end of the
wrist tlange 5 and a magnetic substance 62 attached to the
wrist tlange side of the imaging device 20. When attaching the
imaging device 20, the magnetic substance 62 1s brought
close to the electromagnet 61 which 1s then switched ON to
fix the imaging device 20 by magnetic force. Thereatter, the
imaging device 20 1s used while maintaining the ON state of
the electromagnet 61. When the imaging device 20 1s
detached, the electromagnet 61 1s switched OFF to release the
imaging device 20.

Instead of the electromagnet 61, a permanent magnet may
be used. In this case, 1t 1s necessary that the magnetic force of
the permanent magnet 1s sufficiently large to support a self
weight of the imaging device 20 but can be overcome by a
strong pulling force applied to the imaging device 20 by a
hand or others to detach the magnetic substance 62 from the
permanent magnet.

FIG. 8 1llustrates the third modification 1n which a screw
mechanism 1s adopted as a holding device for detachably
holding the imaging device. A female-threaded hole 1s pro-
vided 1n the vicinity of a distal end of the wrist tlange S, and
a screw 70 having a male thread 1s attached to the imaging
device 20 for detachably fixing the imaging device to the wrist
flange. When the imaging device 20 1s attached, the screw 70
1s screw-engaged with the wrist flange 5 side threaded hole.
When the imaging device 20 1s detached, the screw-engage-
ment 1s released.

According to the present invention, the working tool hold-
ing member and the 1imaging device of the visual sensor for
detecting the working position are fixed together at a distal
end of the robot arm via the adaptor. The adaptor has two
attachment sections apart from each other at a predetermined
distance along the rotary center axis of the wrist flange. By
using this distance, the imaging device 1s accommodated
within the adaptor, while the positional relationship between
the imaging device and the working tool held by the working
tool holding member 1s such that both are offset from each
other along the rotary center axis of the wrist flange. Thus, the
present invention has the following efiects.

(1) As the imaging device 1s apart from the working tool in
relation to positions thereof along the rotary center axis of the
wrist flange by the distance obtained by the adaptor, the
imaging device hardly interferes with peripheral objects such
as a workpiece, even 1f the working tool accesses a narrow
space.

(2) As a distance between a distal end surface of the wrist
flange and the working tool becomes longer due to the dis-
tance obtained by the adaptor, the interference hardly occurs
between the robot arm and the working tool.

(3) As the imaging device 1s readily disposed on the rotary
center axis of the robot wrist, it 1s possible that part of the
working tool 10 easily comes into a visual field of the imaging
device. Thereby, the teaching operation 1s effectively and
accurately performable.

(4) The imaging device of the sensor 1s readily detachable.
Also, the mounting position and posture can be assuredly
regenerated. Accordingly, 1f teaching 1s necessary, the 1mag-
ing device 1s easily mounted and carries out the correction of
the teaching. Further, since the removal of the working tool 1s
unnecessary at that time, there 1s no attachment error and the
teaching operation can be carried out while observing the
working tool itself through the imaging device.
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(5) A particularly complicated or expensive mechanism or
structure 1s unnecessary for obtaining the above-mentioned
elfects, which 1s economically advantageous.

While the invention has been described with reference to
specific embodiments chosen for the purpose of 1llustration, 1t
should be apparent that numerous modifications could be
made thereto, by one skilled 1n the art, without departing from
the basic concept and scope of the mvention.

The mvention claimed 1s:
1. An industrial robot comprising:
a robot arm provided with a rotatable wrist tlange;

an end-effector positioned at a predetermined working
position by the robot arm;
an end-eflector supporting mechanism attached to the
wrist flange of the robot arm, for supporting the end-
effector;
an 1maging device accommodated 1n the end-effector sup-
porting mechanism, for detecting the end-effector and
the working position; and
a holding means for detachably holding the imaging device
so that a center of gravity of the imaging device 1s
located at a position within the end-effector supporting
mechanism.
2. The industrial robot as set forth in claim 1, wherein the
end-etlector supporting mechanism comprises:
an adaptor for accommodating the imaging device in the
interior thereot; and

an end-effector holding member attached to the adaptor,
for holding the end-eftector;

the adaptor comprising a first attachment section for
attaching the adaptor to a wrist flange surface of the wrist
flange and a second attachment section having an attach-
ment surface generally parallel to the wrist tlange sur-
face at a position apart from the first attachment section
by a predetermined distance along a rotary center axis of
the wrist flange,

the 1imaging device being capable of being held so that a
center ol gravity of the imaging device 1s positioned
between the first attachment section and the second
attachment section.
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3. The industrial robot as set forth 1in claim 1, wherein the
end-etlector supporting mechanism comprises:

an adaptor for accommodating the 1maging device 1n the

interior thereot; and

an end-effector holding member attached to the adaptor,

for holding the end-etlector;

the adaptor and the end-effector holding member are 1nte-

gral with each other, the imaging device is held so that a
center ol gravity of the imaging device 1s positioned
within the interior of the adaptor.

4. The industrial robot as set forth 1in claim 1, wherein the
imaging device and the end-efiector are attachable so that a
part of the end-eflector comes 1nto a visual field of the imag-
ing device.

5. The industrial robot as set forth 1n claim 1, wherein the
rotary center axis of the wrist flange and a center line of the
visual field of the imaging device generally coincide with
cach other.

6. The industrial robot as set forth 1n claim 1, wherein the
industrial robot comprises a mechanism capable of regener-
ating every time the same attachment position and posture of
the 1maging device relative to the end-effector supporting
mechanism.

7. The industrial robot as set forth in claim 1, wherein a
through-hole, for allowing a cable for the imaging device to
pass therethrough, 1s arranged in the wrist flange.

8. The industrial robot as set forth in claim 7, wherein an
imaging device side connector, for supplying electric power
to the 1maging device and transmitting signals, and a wrist
flange side connector, electrically connectable to the imaging
device side connector, are disposed 1n the through-hole.

9. The industrial robot as set forth in claim 1, wherein the
imaging device comprises a radio-communication means.

10. The industrial robot as set forth in claim 1, wherein the
industrial robot comprises a protective cover covering at least
a front area of the imaging device.

11. The industrial robot as set forth in claim 1, wherein the
industrial robot comprises an ispecting section for mspect-
ing the result of the welding operation by an image obtained
from the 1imaging device.
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